H~m a n ch0U0nic gonadotropin (hCG) induces profuse lobular development in the mammary gland of young virgin rats.
Introduction
Inhibin is a non-steroidal glycoprotein hormone produced in the gonads, which feeds back to the anterior pituitary gland to inhibit specifically the production andlor secretion of follicle-stimulating hormone (FSH) (10, 43, 49) . The granulosa cells of the ovary in the female and the Sertoli cells of the testis in the male have been identified as the sites of inhibin synthesis (lo,@). Inhibin has been purified and biochemically characterized and its cDNA sequences have been determined in several species (20,2446).
The major form of this protein is a disulfide-linked heterodimer, consisting of an a-chain and one of two highly homologous P-chains, designated A and B (6). The a-chain is an 18 KD peptide and the P-chains are 14 KD peptides, which leads to the formation of a 32 KD a-P dimer in most species. Depending on the P-chain (A or B), inhibin is designated inhibin A or inhibin B. Both inhibins act on the anterior pituitary to selectively suppress FSH biosynthesis and release, although the biological role of inhibin in reproductive processes has not been completely elucidated.
The highest concentrations of inhibins have been found in tes-Supported by ACS Grant CN-52.
tis and ovary; however, inhibin expression has been reported in several non-gonadal tissues, including brain, pituitary, and placenta (2,3,13,2~-27,30,33). The finding that inhibin subunit "As are widely expressed in non-reproductive tissues suggests a role of this protein outside the reproductive axis. Despite the fact that a physiological role for inhibin in tissues other than the pituitary gland has not been fully established, increasing evidence suggests that such a substance may act as a growth and differentiation factor as well as a hormone (27) . The synthesis of inhibin by the ovary is stimulated by gonadotropic hormones such as pregnant mare serum gonadotropin (PMSG) (9,18,19,34), and the placental hormone chorionic gonadotropin (hCG) (15). hCG plays an important role in the induction of differentiation of the rat mammary gland (38). This phenomenon is accompanied by morphogenetic, functional, and cell kinetic changes, which ultimately result in protection of this organ from chemically induced carcinogenesis (36-39). .We have also observed that hCG in vitro depresses cell proliferation of rat (28) and human breast epithelial cells (1,40). In these in vitro models we have observed that the depression of cell proliferation is accompanied by inhibin mRNA amplification and increased immunocytochemical expression of these peptides (1). These data suggest that a relationship exists between the physiological effect of hCG and inhibin expression. The presence of inhibin in the mammary gland has not been reported in the literature, and no relationship has 30 ALVARADO, RUSSO, RUSSO been established between inhibin and the differentiating effect induced by hCG in this organ. The purpose of the present work was to analyze the immunocytochemical localization of inhibin in rat mammary gland and its modulation after long-term hCG treatment.
Materials and Methods
Virgin female Sprague-Dawley rats, purchased from Harlan Sprague-Dawley (Indianapolis, IN), were maintained at a temperature of 24 f 1'C with a 12-hr dark, 12-hr light cycle. They were housed four to a cage and received water and food ad libitum. When the animals reached the age of 50 days, they started receiving a daily intraperitoneal (IP) injection of 100 Iu hCG (Sigma; St Louis, MO); the animals were separated into five groups of five animals each, which were sacrificed at 5 , 10, 15, or 20 days of injection, or 20 days after the last injection. Age-matched untreated virgin rats were used as controls. After sacrifice, the thoracic and abdominal mammary glands were dissected from the skin and fixed in 10% neutral buffered formalin. All samples were dehydrated in graded ethanols, cleared in xylene, and embedded in paraffin. Sections 4 pm thick were deparaffinized with xylene, hydrated, and incubated with the corresponding antibody as described below. An average of 10 slides per gland per animal were analyzed under an Olympus photomicroscope and the numbers of structures were counted by using an eye-piece grid. Immunocytochemical Reaction. Tissue sections were deparaffinized, rehydrated in 0.01 M %is buffer, pH 7.6, and treated with 0.3% hydrogen peroxide for 15 min at 37'C to reduce endogenous peroxidase activity. Subsequently, the sections were sequentially incubated in normal goat serum [for 20 min at room temperature (RT)], Tris buffer-diluted (1:10,000) antia or P-inhibin (overnight in a humidity chamber at 4'C), biotinylated goat anti-rabbit immunoglobulin (60 min at RT) and streptavidin-biotin-peroxidase complex (30 min at RT). Sections were rinsed and washed in 0.01 M Tris buffer, pH 7.6, for 10 min after each step, except after incubation with normal goat serum. A freshly prepared substrate reagent containing hydrogen peroxide and 3,3'-diaminoben2idine-HCI ( 5 min at 37°C) was used to visualize the immunocytochemical reaction. Sections treated with non-immune rabbit serum or inhibin antibodies adsorbed with the corresponding peptides were used as negative controls. All sections were counterstained with Meyer's hematoxylin for nuclear staining.
Immunocytochemical reactions were evaluated according to their intensity, as negative (-), weakly (+), moderately ( + + ), or strongly ( + + +) positive; the number of positive cells per total number of cells present in specific ductal or lobular structures was recorded.
Results

Distribution of Inhibin in the Control Mammary Gland
Even though there were changes in body weight and slight changes in gland architecture in control animals sacrificed in the beginning and at the end of the experiment as a consequence of aging, the changes in the mammary gland were almost negligible among groups. In addition, the overall appearance of both the thoracic and the abdominal mammary glands of control animals was histologically similar and a general description will be given. The stroma was abundant; it was traversed by occasional small-and mediumsized mammary ducts lined by a single layer of low columnar epithelium. Individual cells had a moderate amount of slightly basophilic cytoplasm. Large-sized ducts were surrounded by a thick layer of dense connective tissue, whereas medium-and small-sized ducts were embedded in a thin or almost indistinguishable layer of connective tissue. Occasional ducts were seen emitting three or four terminal end buds (TEBs). Lobular structures were poorly developed and most of them were composed of three or four alveolar buds with a dilated lumen. The lining epithelium was single or pseudostratified and was composed of tall columnar cells; it rested on a discontinuous layer of elongated myoepithelial cells. Individual cells had a moderate amount of slightly basophilic cytoplasm and were similar in appearance to those lining the ducts.
The immunocytochemical reaction against inhibin aand P-subunits was essentially negative in the mammary epithelium lining both ducts and lobular structures of non-treated animals ( Figures 1, 3 , 7, and 9). Only the stroma exhibited afaint to moderate reaction, which was more prominent in the periductal connective tissue.
The mammary glands ofthe animals ueated with hCG exhibited marked morphological and immunocytochemical dlfferences from those of the control groups. By Day 5 of treatment, elongation and bifurcation of ducts and the presence of many TEBs were the most remarkable histological characteristics of the gland. Large ducts emitting three or four ductules were frequently observed in the mammary tissue. At this stage the immunocytochemical reaction to inhibin was similar to that of the control group. At Day 10 of treatment a notable increase in the number of lobules and of ductules (alveoli) per lobule (average 20) was seen ( Figure 11 ). At this stage the epithelial cells lining the alveoli contained many clear and small vacuoles around the nucleus, and the basal portion showed a moderately positive immunostaining against both aand 0-inhibin ( Figure 2). The secretion within the lumen was negative. By Day 15 of treatment, a large proportion of the stroma was occupied by welldeveloped lobules which were composed of approximately 40 ductules each, but neither TEBs nor ABS were seen. Each ductule was lined by cuboidal epithelial cells with a more abundant and finely vacuolated cytoplasm. Although vacuoles were seen surrounding the nucleus (Figures 4 and 5 ) , in many cells they tended either to concentrate in the apical portion of the cell, to coalesce, or to extrude into the lumen. At this stage a strongly positive reaction was seen throughout the cytoplasm in almost 100% of the lining epithelial cells, whereas the myoepithelium appeared non-reactive ( Figures 4 and 5 ) . Neither the alveolar lumen nor the epithelial cells lining the ducts showed any immunocytochemical reaction (Figure 6) . The interlobular and periductal connective tissue exhibited an uneven and weakly positive reaction similar to that of the nontreated animals. By Day 20 of treatment, the number of ductules per lobule increased significantly up to 65 per lobule (Figure ll) , and consequently the overall size of the lobule increased markedly as well, which resulted in a reduction in the relative number of Figure 1 . Mammary lobule from a 60-dayold untreated virgin female rat immunocytochemically reacted with anti-inhibin antibody. The epithelial cells lining the ductule are completely negative, whereas the surrounding stroma shows a moderate response. Avidin-biotin-peroxidase complex (ABP complex) (DAB); hematoxylin. Original magnification x 530. Bar = 20 pm. Figure 2 . Lobule in the mammary gland of a 60-day-old-virgin female rat treated with hCG for 10 days. The lobules are more developed than those present in the gland of control groups (see Figure 1 ). There is positive immunocytochemical reaction (+ +) in the basal portion of most of the epithelial cells lining the ductules. The secretion within the lumen is negative. ABP complex-DAB-hematoxylin. Original magnification x 530. Bar = 20 pm. lobules per microscopic field. Ductular lining cells contained large intracytoplasmic vacuoles. The inhibin immunoreactivity of the epithelial cells was notably decreased in the ductules, although some of them still showed a reaction of moderate intensity, which became less intense as the size of the vacuoles became larger. The lumen of the ductules remained non-reactive and appeared to be filled with a strongly basophilic material. The intralobular connective tissue surrounding the alveoli showed a strongly positive immunoreactivity (Figure 8 ).
Once hCG treatment was terminated, both thoracic and abdominal mammary glands regressed almost totally to their pretreatment condition. This response was clearly observed 20 days after the last injection (Figure lo) , when the mammary gland acquired a morphological aspect similar to that of the control group. The immunocytochemical reaction appeared practically negative in both alveolar epithelial cells and in the surrounding tissue, with only the periductal stroma showing a certain degree of immunostaining.
The immunocytochemical reaction for each specific group was similar with all four antibodies mentioned above, as shown in Table 1.
Discussion
The adminkation of hCG to virgin female rats produced significant changes in both mammary gland morphology and in the immunocytochemical expression of inhibin. New outgrowth or budding from terminal and lateral ductal structures occurred which resulted in increased numbers of alveolar buds and ductules leading to the formation of lobules showing secretory activity. Such structures reached their maximal degree of development by Day 20 of hCG treatment.
The results reported here demonstrate that the treatment of virgin female rats with the placental hormone hCG induces the z g u expression of inhibin in the epithelial cells of ductular (alveolar) structures but not of ducts. The cytoplasmic immunoreactivity became evident by Day 10 of treatment and progressively increased, reaching maximal intensity on Day 15. Around this time, inhibin immunoreactivity began to diffuse towards the surrounding stroma, where it showed the strongest positivity by Day 20 of hCG treatment. Consequently, the alveolar epithelial cells appeared depleted of inhibin and acquired an irregular shape. Both the appearance of inhibin immunoreactivity in the epithelial cells of the lobular alveoli and its diffusion towards the mesenchymal stroma did not occur simultaneously in the structures, but they appeared earlier in those structures that were more developed. This observation suggests that such processes require a certain degree of lobular development for them to take place. Immunostaining was never seen in either alveolar or ductal lumens, which indicated that the diffusion process occurred in a monodirectional way, i.e., from the epithelium towards the intralobular stroma but not towards the alveolar lumen. It is well known that both the extracellular matrix and the parenchymal epithelium play a critical role in mammary gland development (4.5J2.42). Hormones and diffusible factors, such as growth and differentiating factors, have been identified as being involved in these epithelium-mesenchyme interactions. Several growth factors, including transforming growth factor-a and -P (KF-a, TGFP), insulin-like growth factor I and 11, platelet-derived growth factor (PDGF), and basic fibroblast growth factor have been identified and well characterized in human breast cancer cell lines (11,14,16,17,44) . Until recently, growth factors were thought to mainly influence cell proliferation. However, during the past several years it has become clear that growth factors also exert several effects on cell differentiation. Among them, KFP inhibits prolifer- ation of primary or secondary cultures of epithelial cells and also regulates their differentiation process (21-23,29,31,32,45) . In vivo, this growth factor induces inhibition of ductal development when implanted in the mammary glands of developing mice (8,44) .
Several studies have reported that inhibins belong to the same gene family as EFP, and a remarkable homology between TGFP and inhibin has been shown (7,20). Cheifetz et al. (7) have found that E F -P is composed of a combination of two subunits, B-A and B-B, of inhibin. In our study, antibodies against both inhibin aand P-chains were used. The immunocytochemical distribution of both aand P-chains was similar, which indicated that inhibin, but not ESP, was responsible for such an immunoreaction.
Our observations that the immunocytochemical reaction against inhibin exhibited a migration from the intracellular compartment to the extracellular matrix were coincident with the cessation of lobuloalveolar development, as shown schematically in Figure 12 .
This fact and the notable homology between inhibin and E F -P seem to suggest a critical role of inhibin as a negative modulator of lobuloalveolar growth and also as a promotor of further epithelial cell differentiation. These findings are supported by experimental observations in which treatment of cultured rat and human breast epithelial cells with hCG resulted in inhibition of the cell growth. rate (28,40) and expression of inhibin immunoreactivity in the cytoplasm of treated cells (1). Our observations suggest that inhibin might act as a local regulatory factor through either a paracrine or an autocrine mechanism. Even though hCG treatment stimulates inhibin production by the ovary (15), our preliminary results also suggest that inhibin is locally synthesized in the mammary gland, since inhibin mRNA has been detected in this organ and has been found to be amplified in human breast epithelial cells in vitro (unpublished observations).
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